Abstract: In this experimental study, the fatigue damage of glass-polyester composite/composite adhesively bonded joints is investigated. The study shows that the damage consists of a main crack appearing in a stress concentration zone in the adherends which then grows in the laminate first layer in a mixed mode propagation stage to the final stage leading to the ultimate failure.
Introduction :
Adhesive joining is a very promising way of assembling composite materials. Single lap joints (see Figure 1 ) are easy to produce in an industrial environnement and they constitute a good representation of the usual working conditions for adhesively joined plates in a real structure. The aim of this study is to analyse the initiation and growth of damage in fatigue loaded adhesive joints made up of glass-polyester composites used in the shipbuilding industry.
Materials and testing procedure:
The composite of interest is a glass-polyester laminate made up of 6 "rovimat" layers; each rovimat layer comprises a [0,90] roving weighing 500 g/m 2 and a mat sublayer weighing 300 g/m 2 ; they are impregnated with an orthophtalic polyester matrix (Crystic PA 115); the laminate total thickness is about 6.5 mm; its tensile modulus is 15 OPa.
The composite plates are adhesively bonded with a structural epoxy resin (Redux 410) whose tensile modulus is about 3.1 OPa in bulk specimen form.
The adhesive is cured under constant pressure in order that its thickness has a constant value of 0.2 mm.
The joints are then subjected to tensile-tensile fatigue loads at a frequency of 0.5 Hz with various loading parameters [2] .
Stress distribution and damage:
When a single lap joint is subjected to a tensile loading, a complex stress state develops close to the adhesiveladherend interface consisting of a shear stress 't xy ' a normal peel stress cr yy and a normal tensile stress in the adherends (see Figure 2 ). The peel stress component is due to the bending moment arising from the fact that the tensile forces applied to the joint which are not collinear. Several authors have shown that both the shear stress 't xy and the normal stress cr yy attain their maximal value at the end of the bond, not only in the adhesive layer but also in the adherends [3, 4, 5] .
Figure 2: Stress components in a single lap joint.
It turns out that for this complex stress state, fracture occurs in the composite: a main crack grows in the laminate first layer, close to the bond. Fracture may occur in one adherend or in both and in the latter case the two main cracks grow and propagate towards the specimen centre.
Cracks initiate in the adherends at the points where the stresses are maximum. Those points are denoted A and B in Figure 3 and are located at the ends of the bond, at a small distance from the adherendladhesive interface (a few micrometers) [5, 6] . Moreover, the presence of both shear 't xy and peeling cr yy stress components in a crack tip vicinity causes it to propagate in a mixed mode: the opening mode I is due to cr yy and the sliding mode II is due to 't xy .
Damage growth:
In order to provide a quantitative assessment of the fatigue damage, we chose to investigate the evolution of the load/extension cycles during the fatigue test. The change in gauge length dl was measured by means of an extensometer mounted on the specimen (see Figure 4 ). In Figure 4 , we confine our attention to the variation of: -the mean stiffness dF/dl wich is given by the average inclination of the hysteresis loops (see Figure 5-a) ; -the opening of the hysteresis loop at mid-height (see Figure 5-b) ; -the residual strain Ldl accumulated during each cycle (ratchetting effect, see Figure 5 -c). The characteristic shape of these three curves suggests a partition of the damage development into three stages:
-The first stage is caracterized by a rapid decrease in stiffness due to the initiation of the main crack. The rate of this stiffness decrease is gradually reduced to a constant value, which is the beginning of the second stage.
-During the growth of the main crack, damage increases linearly with the number of cycles. However, the results of the fatigue tests [2] show that the crack propagation may be slowed down by a closing effect when the applied load is less than some threshold of about 1500 N. This closing effect can also be seen on the load/extension cycles (Figure 4 ).
-In the last stage immediately preceeding the ultimate failure, the rate of stiffness reduction increases abruptly in the last few cycles.
Conclusion:
Single lap joints made of two similar glass-polyester composites bonded with a structural epoxy resin have been tested in fatigue. The main crack appears in the laminate first layer where the normal peel stress is maximum. Its propagation can be followed by means of the evolution of the shape of load/extension cycles.
